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knowledge, dedicating his work to ‘those that are ignorant’ (on this specific subject, 
red.). Gautier deeply feels it to be his duty to share his experience, describing the tools 
and the means that he employed to come to a bridge designs, all in a way that makes 
it easy to understand. According to Gautier bridges are ‘amongst the most difficult of 
structures (to design and to build, red.), deserving our full attention, and belong to a 
domain of Architecture where there are the most precautions to keep, more place to fear 




hold contractors in a very high regard. According to him ‘Contractors do not hesitate to 
enrich themselves at the expense of the King or of those who work for them. Engineers 
or inspectors of the works, on the contrary, have only in mind the honesty with which 
they act and [the desire red.] to be highly esteemed. They do not hesitate to regard the 
former as their enemies, when they are unfaithful.’ (p.248). Nowadays, it is fortunate 
for all parties involved in the building of a bridge that the laws and fines imposed 
for building faults have been adapted to modern times, as can be appreciated from 
this fragment on legal guaranties. ‘If the structure is made out of earth or out of a 
mediocre material, a six year warranty must be given and in case of a fault committed 









 ‘Le sujet des Ponts est assez vaste pour donner de l’occupation aux plus habiles.  
 Jusqu’ici personne n’a traité de cette matière autant qu’elle le mérite. J’ai osé  
 l’entreprendre, & je souhaite que quelqu’autre fasse mieux, afin que tout le monde  
 en profite davantage.’
I would translate this ancient French text as follows :
 ‘The topic of Bridges is vast enough to give occupation to the most skilled. So far  
 no one has dealt with this subject as well as it deserves to be treated. I have dared  
 to undertake it, and I wish someone else would do better, so that everyone can  
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5.4  LCA per kg of the main constituent materials 

































































































































































































































































































































































































































































































































































































































































































































































































































































This chapter provides an introduction to the research. The research topic and the 
research aspects are briefly introduced. The changing role of the architect in the field 
of bridge design is analysed in an historical context. The role of the commissioning 
authorities is introduced. The problem of segregation of knowledge is introduced. 
The objectives and research questions are stated, a hypothesis is formulated and the 
methodology is discussed. Furthermore, an outline of the dissertation is provided.
The basis of this chapter was laid in 2009 when parts of it were published as a chapter 
in the book: Bruggen 1950-2000. Techniek in ontwikkeling (Zutphen: Walburg Pers, 
2009, 267 (1), 366 + dvd (2) blz., ISBN 978 90 5730 631 0 (1), ISBN 978 90 5730 
632 7 (2)).
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puts it this way: “Bad procurement is the biggest threat to design quality… The key to 
good design and procurement is to tie them together contractually, either through the 
construction contract or, better still, through the planning permission, so that there is 
an obligation on the contractor, the designer and the client to maintain design quality 
even as cost and time pressures increase.” Another great bridge designer from the 
United Kingdom, the structural engineer Ian Firth, says in his TED talk of June 2018: 
“We need to start talking to those who procure our bridges. Procurement is key. Bad 
procurement is prejudicated against good design.” [1]
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§  1.6 Objective
The objective of the research is:
To identify a design approach, through all scales of the design, that leads to bridges 
that are well-integrated, integrally-designed and that are valued by society.
§  1.7 Research questions
Accordingly, the objective can be met by answering the principal research question of 
the dissertation:
How can we identify a design approach, through all scales of the design, that leads to 
bridges that are well-integrated, integrally-designed and that are valued by society? 
The research questions associated with the principal research question are:
1  What design considerations can be identified for bridges at the scale level of the 
landscape or of the urban texture, and how can bridges fulfil social, cultural and 
regional requirements and strengthening regional identity? 
This question is answered in chapter 2.
2  What design considerations can be identified for the design of a bridge at the scale of 
the object itself, and how can architectural and structural symbiosis in the design be 
achieved? 
This question are answered in chapter 3.
3  What design considerations can be identified for the design of a bridge at the scale of 





What design considerations can be identified to the use of FRP, both as a structural and 
as a non-structural application, in bridge design? 
These questions are answered in chapter 4.
4  What design considerations can be identified for the design of a bridge at the scale of 
the chosen materials and of the material properties that constitute a bridge? 
By taking the example of bio-composite, a natural fibre reinforced bio-polymer, a sub-
question can be asked:
Can a fully bio-composite footbridge be produced form natural fibres and bio-resins? 
These questions are answered in chapter 5.
5  What design considerations can be identified to achieve a higher standard of durability 
and sustainability for bridges? 
The answer to this question is discussed in chapter 6.
6  Will the transformation of the role of the architect as the aesthetical advisor, to the 
role of the design integrator, lead to well-integrated, integrally-designed and socially-
valued bridges? 
The answer to this question is discussed in chapter 6.
7  How can the commissioning authorities secure the design quality of our future bridges 
and infrastructural projects? 
The answer to this question is discussed in chapter 6.
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Part 1
Introduction Chapter 1
Introduction to the topic and
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a view with 
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PART 2 Bridge Design
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Smits, J., & van der Hoeven, F. (2015)
Scale 1:1000
In the previous chapter the research method of reviewing a design process through the 
four typical scale levels at which urbanists, architects, engineers and material experts 
bring their skills to practice, is discussed. The current chapter identifies bridge design 
considerations at the biggest scale level; that of the city and the landscape.
This chapter was first published in the Research In Urbanism Series (RiUS), 3(1), 135-
158. doi:10.7480/rius.3.833. RiUS is a refereed open access publication indexed by 
Scopus and Google Scholar. IOS Press, under the imprint Delft University Press. Series 
ISSN 1875-0192, E-ISSN 1879-8217. The layout and paragraph numbering has been 
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§  2.1 Introduction
In his book A view from the road Donald Appleyard states: “ugly roads are often wrongly 































































































A room with a view, there is little discussion about turning the highway experience into 
a positive account. Show it off with pride, design it! Just as the polder landscape was 
designed [5] (figures 2.1, 2.2)
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“What a beautiful bridge! So light and transparent; sitting on the sofa in my living 
room I can actually look right through it and see the landscape behind the bridge. The 
combination of modern design in a historical context works really well.”




























































































































book Roadform and Townscape: “A notable event relating to contrasts occurs when the 
route encounters an overpass. The approach embankments to the overbridge block the 
view on either side of the main road and after passing through the gap spanned by the 
structure a feeling of release is enjoyed on sighting the uncontained view.”[6].
In the case of Rijssen the challenge for us, as the designers of the wildlife crossing, was 
to turn the event of passing underneath into a pleasant rather than an eerie experience.
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Smits, J., Eigenraam, P., Gkaidatzis, R., Visser, D., Wong, K., & Wassermann-Fry, S. (2018)
Scale 1:100
In the previous chapter the fitting of the design at the scale of the landscape is 
discussed. This chapter addresses bridge design considerations at the scale of the object 
such as a bridge or a civil structure itself. This chapter was first published in the J.IASS 
Journal, June 1 2018. DOI: https://doi.org/10.20898/j.iass.2018.196.884. Published 
by the International Association for Shell and Spatial Structures (IASS) in print (ISSN 
1028-365X) and on line (ISSN 1996-9015). The layout and paragraph numbering has 
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FIGURE 3.12  First sketches for Berlin; introducing a double surface within a shell structure. Delft University of 
Technology, Joris Smits et al. (2017).
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𝑓𝑓𝑓𝑓(𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝜏𝜏𝜏𝜏) = 𝑓𝑓𝑓𝑓 � 𝜏𝜏𝜏𝜏𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧,𝑖𝑖𝑖𝑖𝜏𝜏𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚� =  𝑘𝑘𝑘𝑘1� 𝜏𝜏𝜏𝜏𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧,𝑖𝑖𝑖𝑖𝜏𝜏𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚� 







𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈���� = 13�(𝑓𝑓𝑓𝑓(𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝜏𝜏𝜏𝜏) + 𝑓𝑓𝑓𝑓(𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝜎𝜎𝜎𝜎) + 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝛿𝛿𝛿𝛿) 
With: 
𝜏𝜏𝜏𝜏𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧,𝑖𝑖𝑖𝑖 = out-of-plane shear at each node 
𝜏𝜏𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = out-of-plane shear capacity 
𝜎𝜎𝜎𝜎𝑣𝑣𝑣𝑣.𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑖𝑖𝑖𝑖 = in-plane stress at each node 
𝜎𝜎𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = in-plane stress capacity 
𝛿𝛿𝛿𝛿𝑖𝑖𝑖𝑖 = deflection at each node 
𝛿𝛿𝛿𝛿𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚 = deflection limit 
𝑘𝑘𝑘𝑘𝑖𝑖𝑖𝑖=1..3  = weighting factors 
TOC
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In the previous chapter the design considerations at the scale of the bridge itself is 
discussed. This chapter addresses bridge design considerations at the scale of the detail 
and that of the materialisation.
This chapter was first published in Engineering, Elsevier, November 24 2016. DOI: 
http://dx.doi.org/10.1016/J.ENG.2016.04.004. 2095-8099. Published by Elsevier 
LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited 
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GFRP UD, Vf 50% 1.875 36.569 10.924 740 -
GFRP 625, Vf 50%, aniso-tropic 
layup [0/90/45/-45] 
[62,5%/12,5%/12,5%/12,5%]
1.850 27.600 15.200 331 182
CFRP UD, Vf 50% 1.450 120.000 60.000 1.560 -
Steel S355 7.850 210.000 210.000 355 355
Aluminum 6063 2.720 69.600 69.600 110 110
GFRP UD stands for unidirectional glass fiber-reinforced polymer; CFRP UD stands for unidirectional carbon fiber-reinforced polymer.
1 Both GFRP and CFRP have superior strength in a unidirectional fiber orientation. However, an anisotropic fiber lay-up is more realis-
tic in bridge applications. Arguably, the relatively lower Young’s Modulus in FRP demonstrates that deflection is key in FRP design.
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a  b  
FIGURE 4.3  Footbridge in Harlingen, the Netherlands, made by Poly Products for Rijkswaterstaat (1997). From 
http://www.polyproducts.nl, visited on 27/2/2019. 
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a  b  
c    
FIGURE 4.10  Installation of red light in the panels of the highway N201 viaducts. Royal HaskoningDHV, Richard 
van den Brule et al. (2013). Pictures a. and b. by Smit Kunststoffen (2012). Photo c. by Jane van Raaphorst (2014).
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Scale 1:1
In the previous chapter the design considerations at the scale of the detail and that of 
the materialisation is discussed. This chapter addresses bridge design considerations at 
the scale of the composing materials and their material properties.
This chapter is currently under review in Structural Engineering International (SEI), the 
Journal of the International Association for Bridge and Structural Engineering (IABSE). 
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FIGURE 5.2  Flax in a field. From https://www.faay.nl/wp-content/uploads/Faay-Wanden-en-Plafonds_
Duurzaam-bouwen-met-vlas_vlasveld_3.jpg, visited on 28/02/2019.




























































































































































































































UD – Lineo tension 202 12,6 181,3
compression -78,6 6,9 -67,3
UD - Scabro tension 129,3 7,7 116,5
compression -104,1 4,4 -96,8
Woven Bi-direct. tension 63,9 0,5 63
compression -73,5 2,1 -70
Non - woven tension 36,1 3,4 30,5
compression -71,8 5,3 -63
Hybride tension 47,5 2,9 42,8




Tensile Strength (MPa) Young’s Modulus (MPa)
Non-woven 45 6.200
Woven, Bi-directional 69 10.500
Uni-directional 244 21.600










































































































































































§  5.5 Structural behaviour of the bridge
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Weight [kg] 136.53 84.10 661.89 247.10 11.65 75,69
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ADP Ab eq. 1.70E-03 4.00E-03 0.01 - 0.03 59.4 1.50E-04
GWP100 CO2 eq. -14 0.531 4079 0.6-3.2 2.4 6663 2.10E-05
ODP CFC-11 eq. 2.40E-08 6.88E-08 0 4.0E-10 
-3.6E-07
1.40E-07 1.26E-06 5.10E-05
POCP C2H4 eq. 7.30E-05 - - 6E-04 
-1E-03
0.12 - 0.02
AP SO2 eq. 2.20E-03 2.60E-03 25.44 7.3E-03 
-3.8E-02
0.014 40.3 3.30E-03
EP PO4 eq. 1.40E-03 6.00E-04 6.9 1.8E-04 
-7.5E-03
1.60E-03 6.6 2.50E-04
HTP 1.4-DCB eq. 0.215 0.136 545.17 7.50E-08 5.7 490.44 3.00E-03
FAETP 1.4-DCB eq. 0.059 0.0571 66.39 - 0.83 246.5 7.80E-04
MAETP 1.4-DCB eq. - 131 - 0.03 45 - -
TETP 1.4-DCB eq. 8.70E-03 1.52E-03 228.63 - 0.036 29.1 3.10E-05
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In the previous four chapters design considerations for bridges have been identified 
at the four principal scale levels of the design; the scale of the landscape and the city, 
the scale of the bridge itself, the scale of the detail and at the scale of the composing 
material and the material properties. This chapter provides an integrated discussion 
and conclusions on the broad field of bridge design as it is outlined in the main body of 
this dissertation. The following chapter, Chapter 7, presents the recommendations for 
future research.
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§  6.1 Integrated, Integral and Valued bridges
The objective of the research is:
To identify a design approach, through all scales of the design, that leads to bridges 










§  6.2 Regional Identity
Research question 1 is:
What design considerations can be identified for bridges at the scale level of the 
landscape or of the urban texture, and how can bridges fulfil social, cultural and 





















§  6.3 Form follows Force
Research question 2 is:
What design considerations can be identified for the design of a bridge at the scale of 





































§  6.4 Fibre Reinforced Polymer bridge design
Research question 3 is:
What design considerations can be identified for the design of a bridge at the scale of 
the detail and that of the materialization? 
With the following sub-question: 
What design considerations can be identified to the use of Fibre Reinforced Polymers, 





























§  6.5 A bio-composite footbridge
Research question 4 is: 
What design considerations can be identified for the design of a bridge at the scale of 
the chosen materials, and of the material properties, that constitute a bridge? 
With the following sub-question: 





















§  6.6 Durable and sustainable bridge design
Research question 5 is:
What design considerations can be identified to achieve a higher standard of durability 































































































§  6.7 The Design Integrator
Research question 6 is:
Will the transformation of the role of the architect as the aesthetical advisor, to the 
















































































































This final chapter closes this dissertation and provides recommendations 
for future research.
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talk the renowned British engineer Ian Firth says “Nobody will remember the costs or if 
a bridge was delivered on time. But if it is ugly it will always be ugly, or just dull. Beauty 
on the other hand enriches life, it enhances our wellbeing. Ugliness and mediocracy 
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 210 The Art of Bridge Design
2006 – 2011  Pedestrian bridge at the Southern ring road for the municipality of Zaanstad.
2005     Architectural design Two lifting bridges on the Van Starcken-borghkanaal for the Province 
of Groningen
2005 – 2015   Triple award winning design for the Juliana Bridge for the province of Noord-Holland, Zaandijk
2005 – 2006  integral design Dommel Bridge at van Abbe’s Museum for the municipality of Eindhoven.
2005 – 2012  integral design Sea barrier with two bridges in Harlingen for the Wetterskip Fryslân.
2005 – 2007  Integral design lifting bridge for ING Real Estate. Bo’ness, Scotland
2004 – 2007  Architectural design Prins Bernhard Bridge for the municipality of Zaanstad.
2004    Competition Design for a bridge on the river Cam in Cambridge U.K., 2nd prize.
2004    Tender design Wijnbergse Bridge in Doetinchem.
2004     Two pedestrian bridges at Schiphol for the Province of Noord-Holland.
2004 – 2005  Lifting bridge at Maryport harbour in the U.K. for Maryport Developments Ltd.
2003 – 2012  Floating bridge with opening part at Koedijk for the Province of Noord-Holland.
2003 – 2006  Integral design Hoogtij Bridge for the municipality of Zaanstad.
2003 – 2005  Integral design Lifting bridge nYe Klap at Bedum for the municipality of Bedum.
2003      Architectural design all structural works in the ring road Alkmaar for the Province of 
Noord-Holland.
2002    Competition design for 3 bridges over the A7 motorway in Sneek, 2nd prize.
2002 – 2004  Integral design Kolenhaven Bridge for the municipality of Delft.
2002 – 2009  Bridge in the wetlands at Lexkesveer for the Dutch Ministry of Transport.
2002    Design for 15 bridges in the Houthaven for the municipality of Amsterdam.
2002 – 2004  Music and Sports accommodation ‘de Meenthe’ for the municipality of Steenwijk.
2001    Data Centre design in Almere City for B.T. Ignite.
2001    Competition design for a new City town hall in Rotterdam.
2000 – 2001  Preliminary design New Technology Centre for Shell in Amsterdam.
1999 – 2003   Integral design for two traffic bridges for the Municipality of Haarlemmermeer, Nieuw 
Vennep
1999 – 2003  Seven pedestrian bridges in Nieuw Vennep for the municipality of Haarlemmermeer.
1998 – 2000  Integral design Broadcasting Building in Hilversum for the NPS/VARA company.
1998    Competition design for 60 bridges in Leidschenveen, 2nd prize.
1997 – 2003  St. Hubertusduin tunnel design for the municipality of The Hague.
1998 – 2000  Integral design for 8 bridges in the Rembrandt Park for the municipality of Amsterdam.
1997 – 1999  Integral design Klooster bridge, for the municipality of Assen.
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